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SKDVHDQGKRWVWDPSLQJERURQVWHHOJUDGHVDUHWKHPRVWFRPPRQ$+66¶VFXUUHQWO\HPSOR\HGIRUVXFKDSSOLFDWLRQV
1HZ$+66¶VDUHXQGHUUHVHDUFKZLWKWKHDLPWRIDEULFDWHOLJKWHUPRUHUHVLVWDQWDQGWRXJKHUFDUERG\FRPSRQHQWV
ZLWKPRUHFRPSOH[JHRPHWULHV,QWKLVFRQWH[W4XHQFKLQJDQGSDUWLWLRQLQJ4	3VWHHOVDSSHDUDVRQHRIWKHPRVW
SURPLVLQJ VROXWLRQ GXH WR WKHLU JRRG FRPELQDWLRQ RI VWUHQJWK DQG WRXJKQHVV>@ 4	3 DUH &0Q6LPXOWLSKDVH
VWHHOV WKDW FRQVLVW RI PDUWHQVLWH ZLWK GHSOHWHG FDUERQ FRQWHQW DQG UHWDLQHG DXVWHQLWH RWKHU PHWDOOXUJLFDO
FRQVWLWXHQWV VXFK DV EDLQLWH DQG IHUULWHPD\ EH SUHVHQW LQPLQRU DPRXQWV 4	3 VWHHOV JHQHUDOO\ H[KLELW WHQVLOH
VWUHQJWKRYHU03DDQGHORQJDWLRQVDWIUDFWXUHXSWR>@$XWRPRWLYHVKHHWFRPSRQHQWVLQ4	3VWHHOVDUH
VWLOO XQGHU GHYHORSPHQW DQG XQOHVV UDUH FDVHV RQO\ SURWRW\SDO FRPSRQHQWV KDYH EHHQ IDEULFDWHG VR IDU $
ZLGHVSUHDGXVDJHRIWKHVHVWHHOVLQWKHDXWRPRWLYHLQGXVWU\LVDOVRFRQGLWLRQDORQWKHLUDWWLWXGHWREHDVVHPEOHGZLWK
RWKHUDXWRPRWLYHVWHHOJUDGHVE\ZHOGLQJWHFKQLTXHVHVSHFLDOO\E\UHVLVWDQFHVSRWZHOGLQJ56::DQJHWDO>@
QRWHGWKDWWKHPHFKDQLFDOVWUHQJWKRI56:MRLQWVRIPPWKLFN4	3DQG'3VWHHOVKHHWVWKHODWWHUVWHHO
EHLQJ H[DPLQHG IRU FRPSDULVRQSXUSRVHVZDV DSSUR[LPDWHO\ WKH VDPHDIWHUERWK VKHDU WHQVLRQDQG FURVVWHQVLRQ
WHVWV+RZHYHUVWXGLHVRQGLVVLPLODU56:RI4	3DQGRWKHU$+66¶VDUHQRWSUHVHQWLQWKHOLWHUDWXUH
,Q WKLV ZRUN WKH GLVVLPLODU 56: RI D 4	3 VWHHO JUDGH ZLWK D 75,3 RQH LV LQYHVWLJDWHG KHUH 7KH DLP LV WR
HYDOXDWHWKHHIIHFWRIWKHPRVWLPSRUWDQWSURFHVVSDUDPHWHUVQDPHO\ZHOGLQJFXUUHQWFODPSLQJIRUFHDQGZHOGLQJ
WLPHRQWKHVKHDUWHQVLRQVWUHQJWKRI4	375,3MRLQWVDQGRQWKHLUPRGHVRIIUDFWXUH

1RPHQFODWXUH
$+66 DGYDQFHGKLJKVWUHQJWKVWHHO
4	3 TXHQFKLQJDQGSDUWLWLRQLQJ
56: UHVLVWDQFHVSRWZHOGLQJ
75,3 WUDQVIRUPDWLRQLQGXFHGSODVWLFLW\
0DWHULDOVDQGH[SHULPHQWDOPHWKRGV
7KHZHOGLQJH[SHULPHQWDOWHVWVZHUHSHUIRUPHGRQ]LQFJDOYDQL]HG4	3DQG75,3VWHHOVKHHWVZLWKDWKLFNQHVV
RI  PP  PP DQG   PP UHVSHFWLYHO\ 7KH FKHPLFDO FRPSRVLWLRQ DQG WKH PDLQ PHFKDQLFDO
SURSHUWLHVRIWKHVHVWHHOVDUHUHSRUWHGLQ7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQDQGPDLQPHFKDQLFDOSURSHUWLHVRIWKH4	3DQG75,3VWHHOV
&KHPLFDOFRPSRVLWLRQZW 0HFKDQLFDOSURSHUWLHV
 Q&P TRIP  Q&P TRIP 
C   <LHOGVWUHQJWK03D  
Mn   8OWLPDWHWHQVLOHVWUHQJWK03D  
Si   (ORQJDWLRQDWIUDFWXUH  
Al   9LFNHUVKDUGQHVV+9  


7KH56:EHWZHHQ4	3DQG75,3VWHHOVZHUHSURGXFHGE\PHDQVRIDPHGLXPIUHTXHQF\$&PDFKLQHZLWKD
N9$FDSDFLW\7KLVPDFKLQHZDVHTXLSSHGZLWKWZR&UDOOR\HGFRSSHUHOHFWURGHVFRROHGE\DFLUFXODWLQJZDWHU
V\VWHP7KHHOHFWURGHWLSVKDGDIDFHGLDPHWHURIPP7KHZHOGLQJSDUDPHWHUVXVHGLQWKHH[SHULPHQWDO56:WHVWV
ZHUH WKHZHOGLQJFXUUHQW FODPSLQJ IRUFH DQGZHOGLQJ WLPH$Q/RUWKRJRQDO DUUD\ZDVXVHG WRGHVLJQ WKH
H[SHULPHQWDOWHVWVDWYDU\LQJOHYHORIWKHSURFHVVSDUDPHWHUVDVOLVWHGLQ7DEOH7KUHHUHSOLFDWLRQVZHUHSHUIRUPHG
IRUHDFKWHVWWRDFKLHYHFRQVLVWHQWUHVXOWVLQWKHVKHDUWHQVLRQWHVWV
$VWDQGDUGPHWDOORJUDSKLFH[DPLQDWLRQZDVSHUIRUPHGWRDVVHVVWKHPLFURVWUXFWXUHRIWKH4	3DQG75,3VWHHOV
DVZHOODVWRPHDVXUHWKHH[WHQWRIWKHZHOGQXJJHWZKLFKZDVPHDVXUHGIRUHDFKZHOGLQJH[SHULPHQWDOFRQGLWLRQ

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7DEOH/RUWKRJRQDODUUD\XVHGWRGHVLJQWKHH[SHULPHQWDOZHOGLQJWHVWV
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
7KHPHFKDQLFDOVWUHQJWKRIWKH4	375,3MRLQWVZDVHYDOXDWHGE\VKHDUWHQVLRQWHVWVDFFRUGLQJWR$:6'0
VWDQGDUG>@ 3DUWLFXODUO\ WKH VKHDU WHQVLRQ VSHFLPHQV VHH )LJ  ZHUH WHVWHG E\ XVLQJ D FURVVKHDG VSHHG RI 
PPPLQ )URP WKH IRUFHGLVSODFHPHQW FXUYHV WKH VKHDU WHQVLRQ VWUHQJWK KDV EHHQ FDOFXODWHG DV WKH SHDN ORDG
UHDFKHGGXULQJWKHWHVW7KHW\SRORJ\RI WKHIUDFWXUHVXUIDFHV WKDWRFFXUUHGRQWKHVKHDU WHQVLRQVDPSOHVKDVEHHQ
GHILQHGDFFRUGLQJWR$:6'0VWDQGDUG>@


)LJ*HRPHWU\RIWKHZHOGHGVKHDUWHQVLRQVDPSOH7HFKQLFDOGUDZLQJQRWWRVFDOH
5HVXOWVDQGGLVFXVVLRQV
3.1. Microstructure 
7KHPLFURVWUXFWXUHRI4	3VWHHOFRQVLVWVRIPDUWHQVLWHDQGUHWDLQHGDXVWHQLWH)LJDEHLQJWKHSURSRUWLRQRIWKH
WZR SKDVHV RI DERXW  DQG   YRO UHVSHFWLYHO\ 75,3 VWHHO H[KLELWV D PLFURVWUXFWXUH ZLWK D KRPRJHQRXV
GLVWULEXWLRQRIIHUULWHPDUWHQVLWHDQGUHWDLQHGDXVWHQLWH)LJE
7DEOH OLVWV WKHYDOXHVRI WKHQXJJHWGLDPHWHUVRI WKH4	375,3 MRLQWV)URP WKH WULDOVQR WRQRZKLFK
JURXS WKH MRLQWVZHOGHGZLWK DZHOGLQJ FXUUHQW RIN$ WKHQXJJHWGLDPHWHU LQFUHDVHVGXH WR WKH LQFUHDVH LQ WKH
ZHOGLQJWLPH2EYLRXVO\LQFUHDVLQJWKHZHOGLQJWLPHLQFUHDVHVWKHKHDWJHQHUDWHGGXULQJWKHZHOGLQJSURFHVVDQG
KHQFHPRUHPHWDOFDQPHOW7KHFODPSLQJIRUFHLQVWHDGVKRXOGUHGXFHWKHHOHFWULFDOFRQWDFWUHVLVWDQFHDWWKHID\LQJ
VXUIDFHRIWKHWZRPHWDOVKHHWVDVDUHVXOWOHVVKHDWLQSXWVKRXOGKDYHJHQHUDWHGGXULQJWKHZHOGLQJSURFHVVZLWKD
FRQVHTXHQWUHGXFWLRQRIWKHZHOGQXJJHW>@EXWWKLVGLGQRWRFFXU$OVRIRUWKHWULDOVQRQRDQGQRZKLFK
JURXS WKH MRLQWVZHOGHGZLWKDZHOGLQJFXUUHQWRIN$ WKHZHOGLQJ WLPHDSSHDUV DV WKHPRVW LPSRUWDQW IDFWRU
LQIOXHQFLQJWKHZHOGQXJJHW+RZHYHUWKHVLPLODUQXJJHWVREWDLQHGE\WKHVDPSOHVQRDQGQRFDQDULVHIURP
WKH SRUWLRQRI KHDW LQSXW SURPRWHG E\ WKH ORZHU FODPSLQJ IRUFH LQ WKH IRUPHU VDPSOHZKLFKZDVZHOGHGZLWK D
PLQRUZHOGLQJWLPH7KLVDVVXPSWLRQZRXOGDOVRMXVWLI\WKHVLPLODUQXJJHWGLDPHWHUREWDLQHGE\WKHVDPSOHVZHOGHG
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GXULQJWKHWHVWVQRDQGQRHYHQWKRXJKMRLQHGZLWKGLIIHUHQWZHOGLQJWLPHVDQGWKHPD[LPXPQXJJHWGLDPHWHU
REWDLQHG LQ WKH VDPSOH QR  PD[LPXP ZHOGLQJ FXUUHQW DQG ZHOGLQJ WLPH PLQLPXP FODPSLQJ IRUFH 7KH
RFFXUUHQFHRIPHWDOH[SXOVLRQLQWKHVDPSOHVZHOGHGZLWKWKHKLJKHVWZHOGLQJFXUUHQWQDPHO\QRQRDQGQR
OLPLWVWKHH[WHQWVRIWKHZHOGQXJJHWVZKLFKDUHFRPSDUDEOHWRWKRVHREWDLQHGLQWKH56:MRLQWVZHOGHGZLWK
N$

D  E
)LJ0LFURVWUXFWXUHRIWKHH[DPLQHGVWHHOVLQWKHDVUHFHLYHGFRQGLWLRQD4	3VWHHOE75,3VWHHO
7DEOH1XJJHWDUHDDQGDYHUDJHVKHDUWHQVLRQVWUHQJWKRIWKH56:4	375,3MRLQWVIRUHDFKH[SHULPHQWDOFRQGLWLRQ
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PV
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PP
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VWUHQJWK
N1
     
     
     
     
     
     
     
     
     

3.2. Shear tension strength 
7KHPHFKDQLFDOSURSHUWLHVRIWKHZHOGVSRWVFDQEHDIIHFWHGE\VHYHUDOIDFWRUVPDLQO\LQFOXGLQJWKHQXJJHWVL]H
WKHHOHFWURGHWLSLQGHQWDWLRQRQVKHHWVXUIDFHWKHW\SHRIIDLOXUHPRGHDQGWKHVWUHQJWKDQGGXFWLOLW\RIWKHIDLOXUH
ORFDWLRQ7KHUHVXOWVRIWKHVKHDUWHQVLRQWHVWVDUHVXPPDUL]HGLQ7DEOH2YHUDOOWKHVKHDUWHQVLRQVWUHQJWKRIWKH
ZHOGHG MRLQWV UHDFKHV WKH PD[LPXP YDOXHV IRU WKH LQWHUPHGLDWH OHYHO RI WKH ZHOGLQJ FXUUHQW  N$ 7KLV LV
FRQVLVWHQWZLWKWKHIDFWWKDWWKHLQFUHDVHLQWKHZHOGQXJJHWLQFUHDVHVWKHVKHDUWHQVLRQVWUHQJWKRIWKHZHOGHGMRLQWV
DQGWKHPHFKDQLFDOUHVLVWDQFHRIZHOGHGMRLQWVLVQRWDEO\UHGXFHGDVPHWDOH[SXOVLRQRFFXUV0HWDOH[SXOVLRQIURP
WKHZHOGQXJJHWRFFXUVDVWKHIRUFHIURPWKHPROWHQPHWDORQWKHVROLGFRQWDLQPHQWHTXDOVRUH[FHHGVWKHHIIHFWLYH
HOHFWURGH IRUFH WKH FRPSRQHQW RI WKH FODPSLQJ IRUFH WKDW FRXQWHUDFWV WKH IRUFH IURP WKH PROWHQ PHWDO>@
7KHUHIRUH WKH ULVN RI PHWDO H[SXOVLRQ LV FRQVLGHUDEOH DW KLJKZHOGLQJ FXUUHQWV 7KLV LV WKH FDVH RI WKH VDPSOHV
ZHOGHGLQWKHH[SHULPHQWDOWHVWVQRQRDQGQR7KHVHVDPSOHVVKRZVKHDUWHQVLRQVWUHQJWKVORZHUWKDQWKRVH
RIWKHVDPSOHVZHOGHGLQWKHWHVWVQRDQGHYHQLIWKH\GLVSOD\VLPLODUQXJJHWGLDPHWHUV
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5HJDUGOHVVRIWKHZHOGLQJFXUUHQWOHYHOWKHZRUVWVKHDUWHQVLRQVWUHQJWKVZHUHREWDLQHGIURPWKHVDPSOHVMRLQHG
LQ WKHZHOGLQJ WHVWQR7KLV LVDWWULEXWHG WR WKHPD[LPXPOHYHORI WKHFODPSLQJIRUFHN1DQGWKHPLQLPXP
OHYHORIWKHZHOGLQJWLPHPVXVHGLQWKLVWHVW7KHVDPSOHVZHOGHGLQWKHWHVWQRH[KLELWWKHPD[LPXPVKHDU
WHQVLRQ VWUHQJWKV DV WKH\ ERWK KDYH ODUJHZHOG QXJJHWV DQG GLG QRW H[SHULHQFH DQ\ VRUW RIPHWDO H[SXOVLRQ 7KH
VDPSOHVQRHYHQLIZHOGHGZLWKDORQJHUZHOGLQJWLPHH[KLELWDORZHUPHFKDQLFDOVWUHQJWKWKDQWKHVDPSOHVQR
7KLVPD\DWWULEXWHGWR WKHHIIHFWRIDPRUHLQWHQVLYHLQGHQWDWLRQHIIHFWRI WKHHOHFWURGHWLSVRQWKHPHWDOVKHHWV
FDXVHGE\WKHKLJKHUFODPSLQJIRUFH,QIDFWWKLVFDQJHQHUDWHKLJKVWUHVVFRQFHQWUDWLRQVDORQJWKHERUGHUOLQHRIWKH
ZHOGQXJJHWSDUWLFXODUO\DWORZZHOGLQJFXUUHQWVDVVWHHOVVRIWHQOHVV>@
3.3. Modes of fracture 
7KH W\SH RI IUDFWXUH XQGHU ZKLFK D VSRW ZHOGHG MRLQW IDLOV DIIHFWV LWV ORDG FDUU\LQJ FDSDFLW\ 9HKLFOH
FUDVKZRUWKLQHVVFDQEHJXDUDQWHHGWKURXJKWKHXVHRI56:MRLQWVWKDWIDLOE\EXWWRQSXOOIUDFWXUHVFRQYHUVHO\LWFDQ
EHUHGXFHGVLJQLILFDQWO\ZKHQLQWHUIDFLDOIUDFWXUHVRFFXU7KH56:MRLQWVRI$+66¶VHJ'XDO3KDVH75,3DQG
75,3VWHHOVH[KLELWDJUHDWHUWHQGHQF\WRIDLOLQPL[HGIUDFWXUHPRGHVWKDQWUDGLWLRQDOVWHHOVVXFKDV+6/$DQGORZ
FDUERQVWHHOJUDGHVZKLFKLQVWHDGIDLOE\EXWWRQSXOOIUDFWXUHEHFDXVHRIFRPSOH[PLFURVWUXFWXUHV7ZRGLIIHUHQW
IDLOXUHPRGHVZHUH REVHUYHG RQ WKH56:4	375,3 MRLQWV DIWHU WKH VKHDU WHQVLRQ WHVWV DV UHSRUWHG LQ7DEOH 
LQWHUIDFLDOIUDFWXUHDQGEXWWRQSXOOIUDFWXUH3DUWLFXODUO\WKHEXWWRQSXOOLVWKHPDLQIUDFWXUHPRGHWKDWRFFXUUHGLQ
WKHZHOGHGVDPSOHVZLWKWKHEXWWRQSXOOWKDWFRXOGEHSUHVHQWERWKLQWKH4	3VLGHDQGLQWKH75,3VLGH
7DEOH)UDFWXUHVXUIDFHVRIWKH56:VDPSOHVDIWHUWKHVKHDUWHQVLRQWHVWV%3EXWWRQSXOOIUDFWXUHLQWKHSDUHQWKHVLVWKHVLGHZKHUHWKHEXWWRQ
LV,)LQWHUIDFLDOIUDFWXUH7KHDVWHULVNLQGLFDWHVWKHVDPSOHVWKDWH[SHULHQFHGPHWDOH[SXOVLRQ
7ULDO UXQ UXQ UXQ
 %34	3 %34	3 ,)
 ,) %34	3 %375,3
 %375,3 %375,3 %375,3
 %375,3 %375,3 %375,3
 %375,3 %34	3 %34	3
 %34	3 %375,3 %34	3
 %34	3 %34	3 %34	3
 %34	3 %34	3 %34	3
 %375,3 %375,3 %375,3

)LJXUHV D DQG F GLVSOD\ WKH LQWHUIDFLDO IUDFWXUH DQG WKH EXWWRQ IUDFWXUH DV REWDLQHG E\ VFDQQLQJ HOHFWURQ
PLFURVFRS\UHVSHFWLYHO\)LJXUHDVKRZVWKDWWKHLQWHUIDFLDOIUDFWXUHRFFXUVLQDGXFWLOHPDQQHUZLWKWKHIRUPDWLRQ
RIGLPSOHV )LJXUH E$V H[SHFWHG WKHGLPSOHV DUH HORQJDWHG DORQJ WKH GLUHFWLRQRI WKH VKHDU WHQVLRQ ORDG7KH
LQWHUIDFLDOIUDFWXUHIRUPHGE\GHFRKHVLRQRIWKHPDWHULDOWKURXJKWKHID\LQJVXUIDFHPDLQO\GXHWRSUHVHQFHRIVPDOO
ZHOGQXJJHWV,QIDFW WKH\ZHUHQRWDEOH WRVXVWDLQ WKHVKHDUVWUHVVHVJHQHUDWHGZLWKLQ WKH56:MRLQWVGXULQJ WKH
VKHDUWHQVLRQWHVWV7KLVFRQGLWLRQRFFXUUHGLQVRPHVDPSOHVZHOGHGZLWKWKHORZHVWZHOGLQJFXUUHQWDQGWKHVKRUWHU
ZHOGLQJWLPHVWKHWHVWQRDQGQRZKLFKVKRZHGWKHVPDOOHVWQXJJHWVL]HV
7KH WUDQVLWLRQ IURP WKH LQWHUIDFLDO IUDFWXUH DQG WKH EXWWRQ SXOO IUDFWXUH LV SULPDULO\ LQGXFHG E\ WKH EHQGLQJ
PRPHQWWKDWDFWVLQWKHZHOGHGMRLQWDVDUHVXOWRIWKHURWDWLRQRIWKHZHOGQXJJHWLWVHOIGXULQJWKHVKHDUWHQVLRQWHVW
,QIDFWHYHQWKRXJKWKHORDGLQJFRQGLWLRQLVQRPLQDOO\VKHDUWKHVWUHVVLVSULPDULO\WHQVLOHDVWKH56:MRLQWURWDWHV
GXULQJ WKH WHVW>@7KHUHIRUH DV WKH56:4	375,3 MRLQWVKDYH D VXIILFLHQW VL]H WR VXVWDLQ VKHDU VWUHVVHV WKXV
DOORZLQJ WKH MRLQWV WREH URWDWHG EXWWRQSXOO IUDFWXUHV FDQRFFXU)LJF7KH UHJLRQ VXUURXQGLQJ WKHEXWWRQSXOO
FRQVLVWVRIDPHOWHGDQGWKHQVROLGLILHGUHJLRQWKDWRQO\LQYROYHVWKHID\LQJVXUIDFHEHWZHHQWKHWZRPHWDOVKHHWV
)LJ G WKH KHDW LQSXW JHQHUDWHG GXULQJ WKH ZHOGLQJ SURFHVV ZDV QRW VXIILFLHQW WR PHOW WKH PDWHULDOV EHQHDWK
0RUHRYHU PHWDO H[SXOVLRQV ZKLFK RFFXUUHG DV WKH KLJKHVW ZHOGLQJ FXUUHQW ZDV XVHG JHQHUDOO\ RULJLQDWH PHWDO
VSODVKHVFORVHWRWKHERUGHURIWKHEXWWRQSXOOVDVKLJKOLJKWHGLQ)LJF
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
D E
F G
)LJD,QWHUIDFLDOIUDFWXUHRID56:4	375,3MRLQWDIWHUWKHVKHDUWHQVLRQWHVWDQGEPDJQLILFDWLRQRILWVIUDFWXUHVXUIDFHF%XWWRQSXOO
IUDFWXUHZLWKWKHSUHVHQFHRIDPHWDOVSODVKDQGGPDJQLILFDWLRQRIWKHUHJLRQFORVHWRWKHERUGHURIWKHEXWWRQSXOO
&RQFOXVLRQV
:HOGLQJ H[SHULPHQWDO WHVWV ZHUH SHUIRUPHG RQ ]LQF JDOYDQL]HG4	3 DQG 75,3 VKHHWV WR LQYHVWLJDWH WKH VSRW
ZHOGDELOLW\RI WKHVHVWHHOV7KHFRPELQHGHIIHFWVRI WKHZHOGLQJFXUUHQWFODPSLQJIRUFHDQGZHOGLQJ WLPHRQ WKH
PHFKDQLFDO VWUHQJWK DQG RQ WKH IUDFWXUH PRGHV RI 56: 4	375,3 MRLQWV DIWHU VKHDU WHQVLRQ WHVWV KDYH EHHQ
DVVHVVHG7KHFRQFOXVLRQVFDQEHVXPPDUL]HGDVIROORZV
7KHZHOGLQJFXUUHQWDQGWKHZHOGLQJWLPHDUH WKHPDLQSURFHVVSDUDPHWHUV WKDWDIIHFW WKHH[WHQWRI WKHZHOG
QXJJHWDQGWKHVKHDUWHQVLRQVWUHQJWKRIWKH56:4	375,3MRLQWV7KHFODPSLQJIRUFHFDQKDYHDQHIIHFWRQWKHVH
IHDWXUHVRQO\IRUWKHKLJKHVWZHOGLQJFXUUHQWV
 7KH VKHDU WHQVLRQ VWUHQJWK RI WKH 56: MRLQWV PDLQO\ LQFUHDVHV DV WKH ZHOGLQJ FXUUHQW DQG ZHOGLQJ WLPH
LQFUHDVHV+RZHYHUPHWDOH[SXOVLRQUHGXFHVVLJQLILFDQWO\WKHPHFKDQLFDOUHVLVWDQFHRIWKHZHOGHGMRLQWV
 0HWDO H[SXOVLRQ ZKLFK RFFXUV DW WKH KLJKHU OHYHO RI WKH ZHOGLQJ FXUUHQW  N$ OLPLWV WKH DFKLHYDEOH
PD[LPXPVKHDUWHQVLRQVWUHQJWKRIWKH56:MRLQWVKRZHYHULWGRHVQRWVHHPWRDIIHFWWKHZHOGQXJJHWGLDPHWHU
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7KH56:MRLQWV IDLOHGGXULQJ WKHVKHDU WHQVLRQ WHVWVE\HLWKHU LQWHUIDFLDO IUDFWXUHRUEXWWRQSXOOIUDFWXUH WKH
ODWWHUPRGHRI IUDFWXUHEHLQJSUHGRPLQDQW7KH LQWHUIDFLDO IUDFWXUHFDQRQO\RFFXU LQ WKHVDPSOHVZHOGHGZLWK WKH
ORZHVWZHOGLQJFXUUHQWN$ZKHQWKHVPDOOHVWZHOGHGQXJJHWZHUHREWDLQHG
$FNQRZOHGJHPHQWV
7KHDXWKRUVZDQW WR WKDQN WKH)UHH8QLYHUVLW\RI%R]HQ%RO]DQRIRU LWV ILQDQFLDOFRQWULEXWLRQXQGHU WKHJUDQW
QXPEHU71DQGWKH&HQWUR5LFHUFKH)LDW*URXS0DWHULDOV/DEVWKDWFDUULHGRXWWKH56:WHVWV
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